[1] The morphological features of active lava channels acquired over Mt. Etna by means of airborne laser altimeter data are presented. The data were acquired on 16th 
Introduction
[2] The dimensional and topographic features of lava channels are important parameters directly related to the rheology of lava flows, offering an insight into the dynamic of the flow, and providing a powerful tool to test lava flow models on Earth and the planets [e.g., Hulme, 1974; Baloga et al., 1998; Sakimoto and Gregg, 2001; Glaze et al., 2004] . Data acquisition of morphologic parameters has been achieved through field measurements or remote sensing [e.g., Sparks et al., 1976; Calvari et al., 1994; Hunter et al., 2003; Lu et al., 2004] . Often field data are sparse or with a moderate resolution or not ortho-rectified. We present the morphologic features of a variably drained and currently active lava channel during the September 2004 eruption of Mt. Etna, Sicily, as derived from the analysis of high resolution airborne laser altimeter data. The laser data consists of elevations and intensity values (first and second echoes).
Mt. Etna Test Site
[3] Mt. Etna (Figure 1) , located on the east coast of the island of Sicily, Italy, with a basal diameter of about 40 km, is the highest volcano in Europe (about 3350 m a.s.l.).
[4] During the last six years, there have been a number of eruptions, accompanied by effusive and moderate explosive activity [Calvari et al., 2002; Behncke and Neri, 2003; Andronico et al., 2005] . At 11:30 a.m. local time (LT) of 7th September 2004 a moderate effusive activity started near the summit area of Mt. Etna (Figures 1a and 1b) at about 3000 m a.s.l., from a WNW-ESE trending fracture, flowing into the Valle del Bove.
[5] A few days later, on 10th September 2004, a new vent erupted along the same fracture, with channel lava flows (flow 1, Figure 1b) . Two lateral channels developed from the main flow (flows 1.1 and 1.2, Figure 1b) . A second flow with lava channels without levees formed south of flow 1 (flow 2, Figure 1b [6] All the reported data, along with a daily update of Mt. Etna activity, are available on the Catania INGV website (www.ct.ingv.it/Etna2004/Default.htm). allows us to construct an accurate and updated Digital Elevation Model (DEM) of the area. The laser altimeter has the following main characteristics. Model: ALTM 3033 (Optech 1 ); pulses per second: 33,000; operating altitude: from 80 to 3500 m; maximum scansion angle: ±40°; horizontal accuracy: 1/2000 Â altitude, 1 sigma; elevation accuracy: ±15 cm at 1.2 km, 1 sigma, ±35 cm at 3000 m, 1 sigma; scansion frequency: up to 40 kHz.
Data Acquisition
[8] Along the observed active lava flows the survey was performed at a relative altitude in the range of 1500-2200 m [9] The laser altimeter was linked to a position orientation system GPS/inertial Applanix POS-AV 510 -DG. The permanent GPS network of the INGV in Catania was used as fixed reference frame.
[10] The measurements were made at a frequency of about 33,000 Hz, resulting in a mean ground point density of 1 point per 5 m 2 (a grid of about 2.2 Â 2.2 m). The resulting DEM has an elevation accuracy of ±0.40 m and a horizontal accuracy of ±1.5 m, and has been geocoded to a UTM projection, WGS 84 Geoid.
[11] Using the intensity image of the laser altimeter echoes and the derived DEM (Figures 1b and 1c) , we constructed a picture of the active lava field on 16th September. These new elevation data of an active lava flow have been used to map active lava channels and their morphologic features. During the first initial few tens of meters, the September 2004 active lava flows overlap with the northern termination of the 1999 lava field [e.g., Calvari et al., 2002] .
[12] The slope of the bedrock of the channel lava flows was derived from a DEM, 10 m step, available for Mt. Etna, aged 1998. This 1998 DEM was built from contour line and spot heights (average vertical error <3 m) by DEST algorithm [Favalli and Pareschi, 2004] . The data are expressed in UTM projection, WGS84 Geoid.
Lava Channel Morphology
[13] The DEM derived from the laser altimeter survey (Figure 1c) clearly shows the erupted lava flows. Flow 1 has two lateral branches (flow 1.1 and 1.2, respectively. Figure 1b) ; its main flow has well-developed channels with clear levees (Figure 1c) . The two flows are also well defined in the intensity image (Figure 1b) , which represents the intensity of the echoes received. In the intensity image, active lava flows are outlined by white or very bright pixels, whereas background (older lava flows) is represented by light grey or grey tones (Figure 1b) . The extent of the active lava flows has been derived from both intensity and gradient data (Figures 1b and 1c) . In order to analyse the morphologic features of the active lava channel, we constructed 162 profiles normal to the main flow 1, 10 meters spaced. In an auxiliary file 1 , attached to this paper, the coordinates of the initial and final points of each profile, together with the elevation values, 2 m step, are stored. A second auxiliary file consists of the outlines of the profiles with the lava flow marked with red colour line.
[14] The morphologic features derived from the 162 profiles ( Figure 2 ) are: lava flow width (Wf), channel width (Wc), levee height (Hl), flow thickness (Tf) and channel depth (Dc).
[15] The levee height (Hl) Figure 3 ). Laser scanner data do not discriminate the morphology of a full section channel from the morphology derived by formation of lava tubes [e.g., Calvari and Pinkerton, 1998 ].
[16] Also the above presented morphological parameters, derived for each of the 162 profiles, are stored in the auxiliary file, together with the bedrock slope angle (derived from the 1998 DEM).
[17] In Figure 3 , ten profiles were selected, from the 162 ones, for discussion. Profiles 3 and 35 are near the vent; the discrepancy between the laser altimeter DEM and the 1998 DEM (dashed lines in Figure 3) , occurring in the left marginal portion of the images, is due to the presence of the 1999 lava field [Calvari et al., 2002] , soon after the acquisition of the 1998 DEM. Other minor discrepancies between the 1998 DEM and our laser scanning survey, far from September 2004 lava field, are related to the different accuracy (0.4 m and 3 m, respectively) of the two DEMs. Such discrepancies, for example, account for the differences observed in the left hand side of profiles 55 and 80 (Figure 3) .
[18] Profile 55 was traced close to the site where the two lateral flows formed (B in Figure 3 ). Profile 88 shows one example of the occurrence of lava accumulation with full channel formation without levees (A in Figure 3) . From profile 80 to profile 158 (Figure 3 ) levee height decreases and at the end of the flow, in profile 162, no levee is visible (C in Figure 3) .
[19] The traced profiles show an interesting downhill increase in channel width, and downhill decrease in slope bedrock angle. In particular, the Wc parameter is related to the down flow distance (L) by the simple empirical function: Wc = 0.0116L + 6.9 and R = 0.861 (Figure 4) .
Conclusion
[20] The high resolution airborne laser altimeter data acquired over the Valle del Bove on 16th September 2004 give an updated picture of the landscape evolution [21] In particular, the new updated DEM, derived from the laser altimeter survey, allows a detailed morphologic analysis of an active evolving system with lava flows forming variable drained channels (Figures 3 and 5) .
[22] As an example, from a 3D reconstruction of active lava flow (Figure 5 ), using the base of the flow as base line, a volume of about 1.1 Â 10 6 ± 0.4 m 3 is estimated for the flow 1 (comprising the flow 1.1 and 1.2, Figure 1b 
